Introduction
Available treatments for endometriosis-related pelvic pain refractory to surgery and hormonal suppression are few. Aberrant proliferation and survival of endometriotic tissue has been associated with progesterone resistance whereby endometriotic tissue does not display the typical antiproliferative and differentiative response to progesterone [1, 2] .
Ulipristal Acetate (ulipristal) is a Selective Progesterone Receptor Modulator (SPRM) that acts as an antagonist and partial agonist, preventing progesterone from binding its receptor. Recently, a large phase II trial of ulipristal for leiomyoma symptom reduction showed that a daily dose taken for 3 months appeared safe and was associated with improved bleeding profiles [3] . Another randomized controlled trial demonstrated that women tolerated daily doses of 10, 20 and 50 mg ulipristal without adverse effects [4] . Considering research demonstrating aberrant progesterone signaling represents a shared common pathway in uterine fibroids and endometriosis [2, 5] , we hypothesized that progesterone receptor modulation by ulipristal would decrease pain associated with endometriosis. The study was approved by the Northwestern University's Institutional Review Board and registered with clinicaltrials.gov (Clinical trials #NCT02213081). Our patient provided informed consent prior to trial entry.
Case Description
A 25-year-old nulligravidae with surgically diagnosed endometriosis presented with poorly controlled, endometriosis-related chronic pelvic pain refractory to surgical resection and continuous Oral Contraceptives (OCPs). She was diagnosed with Stage I endometriosis at the time of diagnostic laparoscopy in 2014 and tried depot medroxyprogesterone acetate and hydrocodone/acetaminophen in the past but most recently had been on continuous OCPs for 5 years. None of these treatments provided satisfying pain relief to the patient. She did not have pelvic floor dysfunction, fibromyalgia, depression or inflammatory bowel syndrome and the remainder of her history was unremarkable. The currently available dose of ulipristal in the United States is the 30mg abortifacient formulation, also known as Ella ® (Watson Pharmaceuticals, Parsippany-Troy Hills, NJ) such that the lower doses of 5 and 10mg used in European trials were unavailable. Since the previously studied European regimen of daily 5mg or 10mg is currently unavailable in the U.S., the pharmacy at our institution halved 30mg pills and our patient took 15mg of ulipristal four days a week [3] . In the absence of safety data for treatment periods longer than three months, treatment duration was strictly limited to 12 weeks.
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Case:
A 25-year-old nulligravidae with endometriosis-related pelvic pain refractory to medical and surgical intervention was administered 15mg ulipristal every other day for 3 months. Daily pain scores and bleeding diary were recorded and serum chemistries and hormone levels were checked prior to, during and after treatment. Pre-treatment and surveillance endometrial biopsy specimens were examined for histology and stained for estrogen and progesterone receptor status. During therapy, pain scores decreased to a median of 0 (P<0.05) and the patient became amenorrheic. Surveillance endometrial biopsy demonstrated SPRM-associated endometrial changes that appeared strikingly similar to simple hyperplasia and resolved with ulipristal discontinuation. Immunohistochemical evaluation demonstrated the presence of estrogen and progesterone receptors before and during ulipristal treatment.
Conclusion:
Progesterone receptor modulation with ulipristal substantially improved pain symptoms in a patient with treatment-refractory endometriosis. SPRM-associated changes in the endometrium closely mimicked hyperplasia, developed after less than three months of treatment and resolved after discontinuation of ulipristal and induction of withdrawal bleed.
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Pretreatment endometrial biopsy and labs were within normal limits aside from a mild elevation in alkaline phosphatase which was evaluated by hepatology and determined to be incidental and benign. Prior to treatment, the patient reported daily pain and bleeding scores for 20 days (Table 1, Figure 1 ) after discontinuing OCPs. Her pretreatment maximum daily pain score was 10 and she used 2-3 pads per day during her menstrual cycle. She was not sexually active.
Transvaginal ultrasound was performed before beginning ulipristal acetate and demonstrated a normal-sized, anteverted uterus with no adnexal masses.
Within days of therapy, she became amenorrheic (Figure 1 ). Her pain scores decreased to a median of 0 and were significantly lower than pre-treatment scores (P<0.001, Figure 1 ). Her maximum pain score during therapy was 2 compared to pre and post-therapy scores of 10. Surveillance labs and hormone (progesterone, estradiol and FSH) levels remained within normal limits. Our patient did not report adverse effects of treatment. Following discontinuation of ulipristal, her median pain level increased to 5 and bleeding increased to 3 pads per day.
Surveillance endometrial biopsy was performed during the third month of treatment, when her endometrial stripe measured 16mm, and demonstrated changes consistent with simple hyperplasia. Correspondingly, ulipristal therapy was immediately discontinued and further enrollment in this planned ongoing clinical trial was halted.
Withdrawal bleed was induced with combination OCPs and she was started on daily 5mg norethindrone acetate for 5 days prior to repeat biopsy, which demonstrated normal endometrium (Figure 2) . However, in the interim our team requested further pathologic review and after departmental review her endometrial pathology was interpreted as being most consistent with Progesterone Receptor Modulator-Associated Endometrial Changes (PAECs).
All endometrial biopsy specimens underwent immunohistochemical evaluation using estrogen and progesterone receptor antibodies. After deparaffinization and antigen retrieval, immunohistochemical staining was performed on a Ventana Nexus automated system (Tucson, Arizona).
Pre-treatment biopsy revealed typical early proliferative endometrium with no significant pathologic changes (Figure 2 ). Surveillance endometrial biopsy during the third month of ulipristal treatment was notable for abundant endometrial tissue demonstrating disorganized endometrium with focal glandular crowding. Cystic dilated endometrial glands of varying sizes and shapes with areas of complex and branching glands were present throughout. Rare mitosis and apoptosis were seen in the absence of obvious cytologic atypia. These findings closely mimicked cystic simple endometrial hyperplasia without atypia but were ultimately considered most consistent with features of PAECs (Figure 2) . Endometrial biopsy performed one month after discontinuation of ulipristal showed an asynchronous endometrium with rare and scattered endometrial glands with attenuated cuboidal epithelial cells. The hyperplastic changes seen in the surveillance biopsy were absent (Figure 2 ).
Side-by-side comparison of H&E stained slides with immunostaining for nuclear estrogen and progesterone receptors performed before and during ulipristal treatment did not reveal differences in estrogen and progesterone receptor expression (Figure 3 ). ER and PR immunostaining showed strong and diffuse positive signals in both endometrial glands and stromal cells in both the biopsy taken before and during treatment (Figure 3 ).
Conclusion
Our case details the first clinical use of ulipristal acetate for chronic pelvic pain related to endometriosis. Key findings from this report Table 1 : Pain scores during ulipristal acetate therapy.
a Difference in pain scores was significant using Wilcoxon signed rank test with a p-value of 0.00008 (P<0.05).
b Difference in pain scores was significant using Wilcoxon signed rank test with a p-value of 0.000027 (P<0.05).
c Negative values depict that pain levels increased after cessation of therapy.
d Difference in pain scores was not significant using Wilcoxon signed rank test with a p-value of 0.96 (P>0.05). include significantly reduced pain scores and the development of PAECs that mimicked simple hyperplasia. Immunohistochemical evaluation of serial endometrial specimens allowed insight into ulipristal's mechanism of action.
Our finding of improvement in pain scores during ulipristal therapy is consistent with the current understanding of endometriosis pathophysiology. This finding suggests that selective modulation of progesterone receptors impairs endometriosis proliferation and survival. Progesterone resistance in endometriosis may be explained by alterations in progesterone receptors or aberrant expression of progesterone receptor subtypes or of coregulatory proteins. Ulipristal could plausibly disrupt all three pathways. It is possible the observed improvement in pain represents a placebo effect, though this patient's amenorrhea and concomitant endometrial changes suggest a true effect.
Ulipristal has a specific pharmacodynamic action on the endometrium whereby changes in endometrial thickness, referred to as PAECs, have been demonstrated in animal models [6] . While the development of hyperplasia is rare in women taking ulipristal and the development of PAECs is common, it can be difficult to distinguish the two. In the present case, confusion regarding the interpretation of the surveillance biopsy as simple hyperplasia vs. PAECs highlights a potential diagnostic dilemma that could arise as ulipristal use increases.
In the Pearl II study, the incidence of PAECs among 300 women after 13 weeks of continuous ulipristal therapy was 57-62%; no patients developed hyperplasia [3] . One woman taking ulipristal for 5 years also failed to develop endometrial hyperplasia or PAECs [7] . In our patient, the dosing regimen of 15mg four days a week may have been a factor in the development of PAECs in our patient after only 11 weeks of treatment. Alternatively, it's possible that BMI impacts the risk of developing PAECs with ulipristal; our patient's BMI of 42 was higher than the average BMI of 25 in European trials [3] .
It was interesting that both estrogen and especially progesterone receptor levels were readily detectable in endometrial biopsy specimens during ulipristal treatment. We speculate that both historically and in this patient, stromal progesterone receptors play an important role in mediating ulipristal action on the epithelial cell [5] . This is supported by existing literature demonstrating that ulipristal action may be mediated primarily by stromal progesterone receptors [2] . Our working theory is that blood vessels carry ulipristal to the tissue, where it first interacts with stromal progesterone receptors.
This case report demonstrates substantial improvement in endometriosis-related pain with progesterone receptor modulation with ulipristal. PAECs were seen with 11 weeks of ulipristal treatment but resolved after discontinuation and withdrawal bleed. Reproduction of results in a prospective investigation would validate the association of ulipristal with endometriosis-related pain improvement presented herein.
